Immunological synapse formation is the result of a profound T cell polarization process that involves the coordinated action of the actin and microtubule cytoskeleton, as well as intracellular vesicle traffic. Endosomal vesicle traffic ensures the targeting of the T cell receptor (TCR) and various signaling molecules to the synapse, being necessary for the generation of signaling complexes downstream of the TCR. Here we describe the microscopy imaging methods that we currently use to unveil how TCR and signaling molecules are associated to endosomal compartments and deliver their cargo to the immunological synapse.
Introduction
Immunological synapses are characterized by the accumulation and clustering of TCRs, co--signaling receptors like CD4 and CD28, inhibitory receptors like CTLA4 and PD1, adhesion molecules like LFA--1, and a number of signaling molecules of the TCR signaling cascade, including the tyrosine kinases Lck and ZAP70, the adapter molecules LAT and SLP76, and the serine--threonine kinases PKCθ and Erk1/2. Dynamic clustering of these various molecules ensures TCR signal regulation, long term T 2 cell activation and effector functions, like cytokine production or the expression of surface ligands by T helper cells, or the release of cytotoxic granule content by cytotoxic T cells (1, 2) . In order to accumulate and cluster at the immunological synapse, those molecules need to be transported to and/or retained at the T cell--antigen presenting cell contact site. Two main mechanisms have been proposed to transport proteins to the synapse: cytoskeleton--based movement at the plasma membrane (3) and transport via intracellular vesicles (4) . While the former mechanism was shown to transport the LFA--1 integrin, the latter was shown to transport the TCR--CD3 complex subunits (5--7), the tyrosine kinase Lck (8, 9) , the adapter LAT (10, 11) and the inhibitory receptor CTLA4 (12) .
Different endosomal compartments and regulatory transport proteins are involved. These different endosomal compartments appear intermingled in the T cell cytoplasm, but they are distinct with regard to endosomal markers and are differentially regulated when targeting TCR and signaling molecules to the synapse (4, 13) . Thus, the TCR--CD3 complex was shown to be transported via transferrin receptor positive recycling endosomes (5) , while the TCRζ subunit is associated to Rab8 and intraflagellar transport (IFTs) protein--regulated compartments (7, 13, 14) . Moreover, Lck traffic is regulated by MAL (15, 16) , Unc119 (17) , and Rab11 and its effector FIP3 (13) (Bouchet et al, submitted). Finally, LAT was found associated to Rab7, Rab27 and Rab37 endosomes and its targeting to the synapse regulated by the SNARE VAMP7, the calcium sensor synaptotagmin--7 and IFT20 (11, 13, 18, 19) . Intracellular vesicle traffic and actin and microtubule cytoskeleton rearrangements are tightly interconnected processes that ensure immunological synapse architecture, molecular clustering, signaling complex dynamics and ultimately the regulation of T cell activation (4, 20, 21) .
Interestingly, the subcellular localization and activity of the GTPase Rac1, a master regulator of the actin cytoskeleton crucial for immunological synapse formation and function, is regulated by Rab11 and its effector FIP3 (21).
Here we describe the methods we have been developing to localize TCR and signaling molecules together with endosomal regulatory proteins at the immunological synapse and to decipher the functional importance of this endosomal transport. 12. siRNA oligonucleotides: We provide here an example of our recent work (21) . siRNA duplexes based on the human RAB11--FIP3 sequence had been described previously by others: (5ʹ′--AAGGGATCACAGCCATCAGAA--3ʹ′) (24) and (5ʹ′--AAGGCAGTGAGGCGGAGCTGTT--3ʹ′) (25 
Materials

Quantitative image analysis
1. Deconvolution of confocal images is used to improve image rendering, especially for 3D reconstruction and prior to colocalization analysis. Deconvolution is performed on Z--stacks of confocal optical sections obtained at 0.2 µm depth increments, using Huygens Professional software (Scientific Volume Imaging).
Colocalization analysis is performed with FiJi software (open platform for scientific image analysis).
JaCoP plugin or Colocalization Threshold option of Fiji are used.
Pearson's correlation coefficient corresponds to the linear relationship between intensity of pixels in the two analyzed channels. Mander's coefficient is defined as the ratio of the summed intensities of pixels from one image for which the intensity in the second channel is above the threshold (26).
Costes Automatic Threshold allows us to consider only the pixels in each channel showing statistical correlation, as explained in Costes et al (27) (Figure 2 ). 
